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QHWZRUNFRQVXPHGE\XVHUVEXWQRWSDLGIRU7KXVZDWHUWKDWLVQRWDFFRXQWHGIRUPD\KDYHDQHIIHFWRQWKHZDWHU
EDODQFHDQGUHYHQXHRIWKHZDWHUXWLOLW\>@
$SSDUHQW ORVVHV DUH D UHVXOW RI XQDXWKRUL]HG FRQVXPSWLRQ DQG PHWHU LQDFFXUDFLHV >@ >@ 8QDXWKRUL]HG
FRQVXPSWLRQ LVFDXVHGE\ LOOHJDOEHKDYLRUZKHUHXVHUV WDNHZDWHU IURP WKHQHWZRUNZLWKRXWDXWKRUL]DWLRQ0HWHU
LQDFFXUDFLHVLQFOXGHPHWHUUHDGLQJELOOLQJHUURUVDQGPHWHUXQGHUUHJLVWUDWLRQ5HDGLQJDQGELOOLQJHUURUVDUHW\SLFDOO\
FDXVHGE\KXPDQHUURUV)RULQVWDQFHWKHPHWHUPD\EHPLVUHDGDQGLQFRUUHFWLQIRUPDWLRQPD\EHWUDQVIHUUHGWRWKH
ELOOLQJGHSDUWPHQWRI WKHZDWHUXWLOLW\7KLV W\SHRIHUURUFDQEHUHGXFHG LPSURYLQJ WKH LQWHUQDOSURFHGXUHVRI WKH
XWLOLW\(UURUVLQPHWHUUHJLVWUDWLRQDUHFDXVHGE\LQWULQVLFLQDFFXUDFLHVDIIHFWLQJWKHZDWHUPHWHU
8VHU PHWHUV DUH JHQHUDOO\ UHTXLUHG WR UHFRUG YROXPHWULF WRWDOV IRU ELOOLQJ SXUSRVHV DQG RYHUDOO ZDWHU V\VWHP
PDQDJHPHQW WKHVHPHWHUVSURYLGH LQGLVSHQVDEOHGDWDXVHGE\ WKHXWLOLWLHV IRU LVVXLQJELOOV FRPSXWLQJ WKH V\VWHP
ZDWHUEDODQFHDQGLGHQWLI\LQJQHWZRUNIDLOXUHVZDWHUWKHIWDQGDQRPDORXVXVHUEHKDYLRU7KHUHIRUHWKHXWLOLWLHVUHO\
RQWKHVHLQVWUXPHQWVIRUERWKWKHWHFKQLFDODQGHFRQRPLFPDQDJHPHQWRIWKHLUZDWHUV\VWHPV$VDERYHPHQWLRQHG
ZDWHUPHWHUVDUHVXEMHFWWRLQWULQVLFHUURUVWKDWDUHUHVSRQVLEOHIRUDSSDUHQWORVVHVDFWXDOO\FDXVHGE\PHWHUXQGHU
UHJLVWUDWLRQ7KHZDWHUXWLOLWLHVWKXVGRHVQRWUHFHLYHDSSURSULDWHFRPSHQVDWLRQIRUWKHVHUYLFHSURYLGHG
:DWHUPHWHUVDUHGHVLJQHGIRUDVSHFLILFIORZUDWHZKLFKLVFDOOHGWKHSHUPDQHQWIORZUDWH47KHPHWHUVKRXOG
EHDEOHWRZRUNDWWKHSHUPDQHQWIORZUDWHRUDORZHUIORZUDWHFRQWLQXRXVO\IRULWVGHVLJQOLIHZLWKRXWH[FHHGLQJWKH
SHUPLVVLEOHHUURU$OWKRXJKDPHWHULVGHVLJQHGIRUWKHSHUPDQHQWIORZUDWHWKHDFWXDOIORZWKURXJKDPHWHULVQRW
FRQVWDQWEXWYDULHVDJUHDWGHDO7KXVZDWHUPHWHUVVKRXOGQRWRQO\EHDFFXUDWHDWWKHSHUPDQHQWIORZUDWHEXWRYHUD
ZLGH UDQJH RI IORZ UDWHV 7KH UHODWLYH HUURU RI DPHWHU LV QRW WKH VDPH IRU WKH IXOO IORZ UDQJH RI DZDWHUPHWHU
0HFKDQLFDO PHWHUV WHQG WR XQGHUUHJLVWHU DW ORZ IORZ UDWHV DQG RYHUUHJLVWHU DW KLJKHU IORZ UDWHV 7KH JUDSKLFDO
UHSUHVHQWDWLRQRIWKHYDULDWLRQLQUHODWLYHHUURUZLWKWKHIORZUDWHLVNQRZQDVWKHHUURUFXUYH
7KHLQWHUQDWLRQDOVWDQGDUGV>@WKDWVSHFLI\WKHUHTXLUHGDFFXUDF\RIZDWHUPHWHUVKDYHWRWDNHWKHW\SLFDOHUURU
FXUYHVLQWRDFFRXQW7KXVWKH\VSHFLI\WKHPD[LPXPSHUPLVVLEOHHUURU03(RIDPHWHUDVDQRXWOLQHRUµHQYHORSH¶
7KHPD[LPXPSHUPLVVLEOHHUURULVWKHODUJHVWUHODWLYHHUURUWKDWLVDOORZHGLUUHVSHFWLYHRIZKHWKHUWKHHUURULVSRVLWLYH
RUQHJDWLYH7KHPD[LPXPSHUPLVVLEOHHUURUHQYHORSH LVGLYLGHG LQWR WZR]RQHVFDOOHG WKH ORZHUDQGXSSHU]RQHV
UHVSHFWLYHO\ DQG WKH PHWHU LV DOORZHG WR KDYH D ODUJHU HUURU LQ WKH ORZHU ]RQH 03(B/ WKDQ WKH XSSHU ]RQH
03(B8,62VSHFLILHVDPD[LPXPSHUPLVVLEOHHUURUHTXDOWRLQWKHORZHU]RQHDQGLQWKH
XSSHU]RQH7KHORZHU]RQHLQFOXGHVIORZUDWHVEHWZHHQWKHPLQLPXPIORZUDWH4DQGWKHWUDQVLWLRQDOIORZUDWH
H[FOXGHG4WKHXSSHU]RQHLVGHILQHGDVIORZUDWHVRIEHWZHHQWUDQVLWLRQDOLQFOXGHGDQGRYHUORDGIORZUDWH4
)RUIORZUDWHVORZHUWKDQWKHPLQLPXPWKHHUURUFXUYHVWHHSO\GHFUHDVHVEXWGRHVQRWUHDFKWKHD[LVRIRUGLQDWHV
ZKLFKHIIHFWLYHO\PHDQVWKDWWKHUHLVDIORZUDWHIRUZKLFKWKHPHWHUGRHVQRWUHJLVWHUDQ\YROXPH$VWKHZDWHUPRYHV
DFURVVWKHPHWHUVHQVRULWSXVKHVDJDLQVWWKHVHQVRULQDQDWWHPSWWRPRYHLW+RZHYHUWKHVHQVRULVKHOGEDFNE\
IULFWLRQIRUFHVDQGDWYHU\VPDOOIORZUDWHVWKHZDWHUFDQQRWRYHUFRPHWKHVHIULFWLRQIRUFHVWRJHWWKHVHQVRUPRYLQJ
7KXV WKHVHQVRU UHPDLQV VWDWLFDQG WKHPHWHUGRHVQRW UHJLVWHU WKHVPDOO IORZSDVVLQJ WKURXJK LW$V WKH IORZUDWH
LQFUHDVHVDYDOXHLVUHDFKHGZKHUHWKHZDWHULVMXVWDEOHWRJHWWKHVHQVRUPRYLQJDQGWKHPHWHUVWDUWVUHJLVWHULQJD
IORZ7KLVIORZUDWHLVNQRZQDVWKHVWDUWLQJIORZGHILQHGSURSHUO\DVWKHIORZWKDWFDQJHQHUDWHPRWLRQLQWKHPHWHU
ZKHQWKHPHFKDQLVPLVDWUHVW$WWKLVIORZUDWHWKHPHWHUEHJLQVWRPHDVXUHWKHSDVVLQJZDWHUYROXPHHYHQLIWKH
DFFXUDF\LVSUDFWLFDOO\]HURLHWKHPHWHULQJHUURULVDERXWZKLFKPHDQVWKDWDORWRIWKHIORZWKURXJKWKH
PHWHUZLOOQRWEHUHJLVWHUHG7KLVPHWURORJLFDOSDUDPHWHUQRWRQO\UHSUHVHQWVWKHVWDUWLQJSRLQWRIWKHHUURUFXUYHEXW
DOVRLVLQGLVSHQVDEOHIRUGHWHUPLQLQJWKHSHUFHQWDJHRIYROXPHUHJLVWHUHGE\DPHWHU
$VWKHIORZUDWHIXUWKHULQFUHDVHVWKHPHWHUHUURUUHGXFHVDQGEHFRPHVSRVLWLYHLHLWRYHUUHJLVWHUVWKHIORZ7KH
SRVLWLYHHUURULQFUHDVHVIRUDZKLOHEHIRUHLWUHGXFHVDJDLQDQGVWDELOL]HVFORVHWRWKH]HURHUURUOLQH7KLVVWDEOH]RQH
FRQWLQXHVSDVWWKHSHUPDQHQWIORZUDWHDQGUHSUHVHQWVWKHLGHDOIORZUDWHZKHUHWKHPHWHUZLOOSURGXFHWKHEHVWUHVXOWV
:KLOHWKHPHWHULVGHVLJQHGWRRSHUDWHFRQWLQXRXVO\DWWKHSHUPDQHQWIORZUDWHLWLVDEOHWRKDQGOHKLJKHUIORZVZLWKRXW
GHWULPHQWWRWKHPHWHUDVORQJDVWKHVHKLJKHUIORZVODVWIRURQO\VKRUWSHULRGVDWDWLPH7KHRYHUORDGIORZUDWH4
VKRXOGQHYHUEHH[FHHGHG,IWKHIORZUDWHWKURXJKWKHPHWHULVJUHDWHUWKDQWKHRYHUORDGIORZUDWHHYHQIRUDVKRUW
SHULRGWKHPHWHUPD\VXVWDLQSHUPDQHQWGDPDJH
:DWHUPHWHUVGHWHULRUDWHZLWKXVHDQGJHQHUDOO\XQGHUUHJLVWHUDVWKH\DJH>±@7KHVWDUWLQJIORZVDQGDFFXUDF\
DWORZIORZVDUHWKHDUHDVRQWKHDFFXUDF\FXUYHWKDWWHQGWRGHWHULRUDWHPRVWUDSLGO\,WLVQRWSRVVLEOHWRSUHGLFWWKH
HYROXWLRQRIWKHHUURUFXUYHZLWKWLPHVLQFHWKHUHDUHVRPDQ\IDFWRUVWKDWDIIHFWWKHZD\PHWHUVZLOOORVHWKHLUDFFXUDF\
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VXFK DVPHWHU WHFKQRORJ\ YROXPH WKURXJK WKHPHWHU ZDWHU TXDOLW\ FRQVXPSWLRQ SURILOH RI WKH XVHU LQVWDOODWLRQ
FRQGLWLRQVDQGPHWHUSDUWVFRPSRVLWLRQ>@>@>@DPRQJRWKHUV
6LQFHHUURUVYDU\WKURXJKRXWWKHPHDVXULQJUDQJHWKHDPRXQWRIZDWHUQRWUHJLVWHUHGGHSHQGVQRWRQO\RQWKHVKDSH
RIWKHHUURUFXUYHEXWDOVRRQWKHFRQVXPSWLRQIORZUDWHVRIWKHXVHUV,QRUGHUWRHVWLPDWHKRZPXFKFRQVXPHGZDWHU
LV QRWPHDVXUHG ERWK SDUDPHWHUV QHHG WREH FRPELQHG WR FDOFXODWH WKHZHLJKWHG HUURU RI DPHWHU GHILQHG DV WKH
FRPELQHGHUURUDWGLIIHUHQWIORZUDWHVREWDLQHGFRQVLGHULQJWKHSHUFHQWDJHRIZDWHUWKDWLWLVFRQVXPHGDWHDFKIORZ
UDWH7KLVSDUDPHWHUSURYLGHVWKHDPRXQWRIZDWHULQSHUFHQWDJHWKDWLVQRWPHDVXUHGRUPHDVXUHGLQH[FHVVIRUHYHU\
OLWHUFRQVXPHG>@
:KHUHXVHUVDUHVHUYHGE\ZD\RIURRIWDQNVWKHSUREDELOLW\RIPHWHUXQGHUUHJLVWUDWLRQLVLQFUHDVHGEHFDXVHRI
WKHWHQGHQF\IRUDJUHDWHUSDUWRIWKHFRQVXPSWLRQRIXVHUVWRSDVVWKURXJKWKHPHWHUDWORZDQGYHU\ORZIORZUDWHV
>@>@>@3ULYDWHWDQNVDUHILOOHGXVLQJDSURSRUWLRQDOIORDWYDOYHWKDWRSHQVSDUWLDOO\RUWRWDOO\DVDIXQFWLRQRI
WDQNZDWHUOHYHODQGQHWZRUNSUHVVXUH:KLOHWKHXVHUVUHFHLYHDFRQWLQXRXVVXSSO\WKHWDQNLVXVXDOO\IXOODQGWKH
IORDWYDOYHRSHQVDVVRRQDVWKHWDQN¶VZDWHUOHYHOIDOOV'XULQJSHULRGVRIKLJKFRQVXPSWLRQWKHWDQN¶VZDWHUOHYHO
GURSV WKH IORDW YDOYH RSHQV FRPSOHWHO\ DQG ZDWHU HQWHUV WKH WDQN DW D KLJK IORZ UDWH 'XULQJ SHULRGV RI ORZHU
FRQVXPSWLRQWKHZDWHUOHYHOGRHVQRWIDOODVPXFKWKHYDOYHRSHQVRQO\SDUWLDOO\DQGWKHIORZUDWHSDVVLQJWKURXJK
WKHPHWHUDQGHQWHULQJWKHWDQNLVYHU\ORZ7KHPHWHULVWKXVIRUFHGWRZRUNLQWKHORZHUSDUWRILWVPHDVXULQJUDQJH
ZKHUHHUURULVYHU\KLJK)XUWKHUPRUHWKHVORZFORVXUHRIWKHIORDWYDOYHLQGXFHVIORZVWKDWDUHORZHUWKDQWKHPHWHU¶V
VWDUWLQJIORZDQGWKXVDUHQRWUHJLVWHUHG:KHQWKHXVHUVH[SHULHQFHLQWHUPLWWHQWVXSSO\>@>@ZDWHUIORZVLQWR
WKHWDQNRQO\ZKHQWKHQHWZRUNSUHVVXUHDW WKHXVHUFRQQHFWLRQLVVXIILFLHQWWRVXSSO\WKHWDQN:KHQWKHQHWZRUN
SUHVVXUHLVORZWDQNZDWHUOHYHOVGURSWRPHHWXVHUQHHGVZLWKWDQNVRIWHQDOPRVWHPSW\E\WKHWLPHWKHQHWZRUN
SUHVVXUHLQFUHDVHV7KHIORDWYDOYHLVWKXVFRPSOHWHO\RSHQDQGZDWHUSDVVDWDYHU\KLJKIORZUDWH
$SSDUHQWORVVHVDUHLQIOXHQFHGE\QHWZRUNRSHUDWLQJFRQGLWLRQVDQGE\QHWZRUNSUHVVXUHDQGIRUWKLVUHDVRQLQWKH
SUHVHQWVWXG\DQH[SHULPHQWDOODERUDWRU\FDPSDLJQZDVFDUULHGRXWLQRUGHUWRFKDUDFWHUL]HWKHK\GUDXOLFEHKDYLRXU
RI SULYDWH WDQNV DQG WKHLU VXSSO\EDOO YDOYHV WR LQYHVWLJDWHZDWHUPHWHU HUURUV UHODWHG WRQHWZRUNSUHVVXUH DQG WR
HVWDEOLVKZKLFKQHWZRUNRSHUDWLQJFRQGLWLRQLVPRUHDIIHFWHGE\DSSDUHQWORVVHV
([SHULPHQWDOVHWXS
7KHWHVWVZHUHFDUULHGRXWDWWKH(QYLURQPHQWDO+\GUDXOLF/DERUDWRU\RIWKH8QLYHUVLW\RI(QQD,WDO\RQDKLJK
GHQVLW\SRO\HWK\OHQH+'3(31ORRSHGGLVWULEXWLRQQHWZRUN7KHQHWZRUNKDVWKUHHORRSVQLQHQRGHVDQG
HOHYHQSLSHV'1PP(DFKSLSHLVDERXWPORQJDQGLVDUUDQJHGLQDOPRVWKRUL]RQWDOFRQFHQWULFFLUFOHVZLWK
EHQGVKDYLQJDUDGLXVRIPWKXVHQVXULQJWKDWWKHIRUPUHVLVWDQFHORVVHVGXHWRSLSHEHQGFDQEHQHJOHFWHG$Q
RYHUYLHZRIWKHQHWZRUNLVSORWWHGLQ)LJ)RXUSXPSV3VXSSO\WKHQHHGHGGLVFKDUJHIURPWKHUHF\FOLQJUHVHUYRLU
WRWKHXSVWUHDPDLUYHVVHO$9ZKLFKEHKDYHVDVDFRQVWDQWKHDGWDQNNHHSLQJWKHSUHVVXUHFRQVWDQWDQGHTXDOWRD
SUHVFULEHGYDOXHE\YDU\LQJWKHVSHHGRIWKHSXPSVWRWDOZDWHUKHDGUDQJLQJIURPWRP
7KH V\VWHP LVPRQLWRUHGE\  HOHFWURPDJQHWLF IORZPHWHUV SXW LQSLSHV     DQGRI WKH
QHWZRUN 3UHVVXUH FHOOV DQGPXOWLMHWZDWHUPHWHUV DUH GLVWULEXWHG RYHU WKHZKROH QHWZRUN DW HDFK QRGH SRVLWLRQ
'HPDQGVDUHDVVXPHGWRRFFXUDWWKHQRGHSRVLWLRQ)RXUKDQGRSHUDWHGVSKHUHYDOYHVDUHLQVWDOOHGLQSLSH
LQRUGHUWRFRQWUROWKHIORZLQHDFKORRS7KHQHWZRUNLVGHVLJQHGWRPRGHOWKHHIIHFWRIUHDOORVVHVDVZHOO
DVDSSDUHQWORVVHV6SHFLILFDOO\LQRUGHUWRVWXG\DSSDUHQWORVVHVGXHWRWKHSUHVHQFHRISULYDWHWDQNVLQWKHGLVWULEXWLRQ
QHWZRUNQRGHDQGQRGHDUHHTXLSSHGZLWKORFDOWDQNVQRGHLVHTXLSSHGZLWKDURRIWRSWDQNSODFHGDWP
DERYHWKHQHWZRUNOHYHODQGQRGHLVHTXLSSHGZLWKDJURXQGOHYHOWDQN:DWHUGHPDQGRFFXUULQJDWWKHWDQNQRGHV
FDQEHPRGHOHGHLWKHUFRQVLGHULQJWKDWWKHWDQNLVLQWHUSRVHGEHWZHHQWKHXVHUDQGWKHQHWZRUNRUFRQVLGHULQJWKDWWKH
XVHULVGLUHFWO\FRQQHFWHGWRWKHQHWZRUN,QWKHSUHVHQWUHVHDUFKZHIRFXVHGWKHDWWHQWLRQRQWKHILUVWFDVHXVLQJRQO\
WKHQRGHZLWKWKHURRIWRSWDQNEHFDXVHDSSDUHQWORVVHVDUHODUJHO\LQIOXHQFHGE\WKHSUHVVXUHRYHUWKHWDQNLQOHW
DQGWKHURRIWRSORFDWLRQRIWKHWDQNFDQEHFRQVLGHUHGWKHPRVWFULWLFDOFRQGLWLRQLQVXFKW\SHVRILQWHUPLWWHQWQHWZRUNV
7KHZDWHUWDQNZDVORFDWHGPDERYHWKHQHWZRUNOHYHOWKXVWRUHSURGXFHWKHHIIHFWRIWKHSULYDWHZDWHUWDQNXVXDOO\
LQVWDOOHGE\WKHXVHUVWRFRSHZLWKZDWHUVFDUFLW\FRQGLWLRQ7KHWDQNLVFRQQHFWHGWRWKHZDWHUGLVWULEXWLRQQHWZRUN
E\PHDQVRIKLJKGHQVLW\SRO\HWK\OHQH+'3(31SLSHPORQJZLWKDGLDPHWHURIò´7KHWDQNILOOLQJ
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SURFHVVLVJRYHUQHGE\DIORDWEDOOYDOYHWKHEDOOYDOYHLVWRWDOO\RSHQLIWKHZDWHUGHSWKLQWKHWDQNLVORZHUWKDQ
FPDQGLWLVWRWDOO\FORVHGRQFHPGHSWKLVUHDFKHG


)LJ/D\RXWRIWKHZDWHUGLVWULEXWLRQQHWZRUN
7KUHHW\SHVRIH[SHULPHQWVZHUHFDUULHGRXW
D VWDUWLQJIURPWKHHPSW\FRQGLWLRQWKHWDQNLVILOOHGFRQVLGHULQJWKHGDLO\ZDWHUVXSSO\RIWKHXVHUOSHU
LQKDELWDQWSHUGD\WKLVFRQGLWLRQVLPXODWHVDGDLO\LQWHUPLWWHQWQHWZRUNLQZKLFKWKHWDQNLVILOOHGHYHU\WZRGD\V
DQGLWLVHPSWLHGLQWKHGD\LQZKLFKZDWHUVXSSO\LVQRWJXDUDQWHHG
E WKHWDQNLVE\SDVVHGDQGWKHXVHULVGLUHFWO\FRQQHFWHGWRWKHQHWZRUNLQFRQWLQXRXVVXSSO\FRQGLWLRQWKLV
FRQGLWLRQVLPXODWHVWKHFRPPRQRSHUDWLQJFRQGLWLRQRIZDWHUGLVWULEXWLRQQHWZRUN
F VWDUWLQJIURPWKHIXOOFRQGLWLRQWKHWDQNLVFRQVWDQWO\VXSSOLHGE\WKHQHWZRUNDQGLWUHPDLQVVXEVWDQWLDOO\
IXOOIRUDOOWKHWLPHDWHDFKZDWHUXVHWKHEDOOYDOYHRSHQVVOLJKWO\DQGWKHWDQNLVUDSLGO\UHSOHQLVKHGWKLVFRQGLWLRQV
VLPXODWHVWKHSUHVHQFHRISULYDWHWDQNVLQQHWZRUNVWKDWDUHFRQVWDQWO\VXSSOLHG
7RHYDOXDWHWKHZDWHUYROXPHGLVFKDUJHGLQWRWKHSULYDWHWDQNWZRHOHFWURPDJQHWLFIORZPHWHUVDQGDPXOWLMHW
ZDWHUPHWHUZHUHXVHG7KHILUVWIORZPHWHULVORFDWHGLQWKHLQOHWSLSHRIWKHQHWZRUNVHHSLSHLQ)LJZKLOH
WKHVHFRQGLVORFDWHGFORVHWRWKHFRQQHFWLRQQRGHEHWZHHQWKHQHWZRUNDQGWKHWDQN2QWKHRWKHUKDQGWKHZDWHU
PHWHUZDVLQVWDOOHGLQWKHQRGHVXSSO\LQJWKHSULYDWHWDQNQRGHLQ)LJ7KHWZRHOHFWURPDJQHWLFIORZPHWHUV
KDYHDQDFFXUDF\RI7KHSUHVVXUHKDVEHHQPHDVXUHGE\PHDQVRIDSLH]RUHVLVWLYHSUHVVXUHWUDQVGXFHUZLWKD
EDUIXOOVFDOHIVDQGDQDFFXUDF\RIIVORFDWHGDWWKHFRQQHFWLRQQRGH,QRUGHUWROLQNWKHSUHVVXUHWRWKH
IORZGLVFKDUJHLQWKHZDWHUWDQNVHYHQGLIIHUHQWVFHQDULRVZHUHUHSURGXFHGYDU\LQJWKHSXPSSUHVVXUHLQDUDQJH
EDU7KHLPSDFWRISUHVVXUHZDVRQO\UHOHYDQWLQWKHFRQGLWLRQDZKLOHLWZDVOHVVLPSRUWDQWLQFRQGLWLRQE
EHFDXVHEDOOYDOYHLVDOZD\VDOPRVWFORVHGDQGLQFRQGLWLRQFEHFDXVHXVHUGHPDQGLVPDUJLQDOO\LQIOXHQFHGE\
QHWZRUNSUHVVXUH
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQ
)RUDOOWKHWHVWFDVHVSUHVHQWHGDERYHPHDVXUHVZHUHFROOHFWHGDIWHUPLQXWHVIURPWKHH[SHULPHQWEHJLQQLQJWKXV
HQVXULQJ VWHDG\VWDWHFRQGLWLRQV(DFK WHVW FDVHZDV UHSHDWHG WZLFHDQG WKHDYHUDJHYDOXHZDVFRQVLGHUHG ,Q WKH
IROORZLQJ WKHH[SHULPHQWDO UHVXOWVDUH UHSRUWHGDQGGLVFXVVHG(DFKH[SHULPHQWDO WHVWZDVUHSOLFDWHG WZR WLPHV LQ
RUGHUWRHYDOXDWHKLVUHSHDWDELOLW\$WWKHEHJLQQLQJFRQGLWLRQDZDVFRQVLGHUHGLQRUGHUWRHYDOXDWHWDQNEHKDYLRXU
LQGDLO\LQWHUPLWWHQWVXSSO\DQGWRHVWLPDWHWKHK\GUDXOLFSDUDPHWHUVRIWKHEDOOYDOYHHPLWWHUODZ
$QRGHGHPDQGPRGHOZDVGHYHORSHGWRDVVHVVWKHDSSDUHQWORVVHVDVVRFLDWHGZLWKPHWHUHUURUVDQGSULYDWHWDQNV
7KHPRGHOLVDEOHWRVLPXODWHWKHWDQNILOOLQJSURFHVV>@WKHYDULDELOLW\RIWDQNLQIORZGXHWRFKDQJHVLQWKHQHWZRUN
SUHVVXUHIORDWYDOYHFKDUDFWHULVWLFVPHDVXULQJHUURUV>@7KXVWKHPRGHOZDVEDVHGRQWKHWDQNFRQWLQXLW\HTXDWLRQ
(TWKHIORDWYDOYHHPLWWHUODZ(TDQGWKHPHDVXULQJHUURUHTXDWLRQ(T
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ZKHUH'DQG4XSDUHWKHXVHUZDWHUGHPDQGDQGWKHZDWHUIORZLQJIURPWKHQHWZRUNDQGHQWHULQJWKHSULYDWHWDQN
UHVSHFWLYHO\9 LV WKHYROXPHRI WKH WDQNKDYLQJDUHD$DQGYDULDEOHZDWHUGHSWKK&Y LV WKH IORDWYDOYHHPLWWHU
FRHIILFLHQWDLVWKHYDOYHHIIHFWLYHGLVFKDUJHDUHD3LVWKHK\GUDXOLFKHDGRYHUWKHGLVWULEXWLRQQHWZRUNDQGJLVWKH
JUDYLW\DFFHOHUDWLRQILQDOO\4PHDVLVWKHIORZPHDVXUHGE\WKHPHWHU4BVLVWKHPHWHUVWDUWLQJIORZDQG3HULVWKH
VHPLSHULRGRIPHDVXUHPHQWHUURURVFLOODWLRQQHDU]HURZKLFKERWKQHJDWLYHDQGSRVLWLYHHUURUVWREHDFFRXQWHGIRU
GHSHQGLQJRQSDVVLQJZDWHUIORZV
)ORDWYDOYHHPLWWHUFRHIILFLHQW&YGHSHQGVRQWKHIORDWHUSRVLWLRQDQGWKXVRQWKHZDWHUOHYHOLQWKHWDQNDFFRUGLQJ
WRWKHIROORZLQJHPSLULFDOODZV
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ZLWKKPLQDQGKPD[WKHZDWHUGHSWKVFRUUHVSRQGLQJWRRSHQDQGFORVHGYDOYHUHVSHFWLYHO\&YWKHHPLWWHUFRHIILFLHQW
RIWKHIXOO\RSHQYDOYHDQGPDVKDSHFRHIILFLHQWXVXDOO\UDQJLQJEHWZHHQDQG&YDQGPPXVWEHFDOLEUDWHG
)LJVKRZVWKHLPSDFWRIQHWZRUNSUHVVXUHRQWKHHPLWWHUODZFRHIILFLHQWV7KHHPLWWHUSDUDPHWHU&YRIWKHRSHQ
YDOYHGHFUHDVHVZLWKSUHVVXUHGHSHQGLQJRQWKHLQFUHDVHRIORFDOKHDGORVVGXHWRWKHYDOYH7KHYDULDWLRQLVQRWOLQHDU
DQGLQWKHDQDO\VHGFDVHLVZHOOLQWHUSRODWHGE\WKHIROORZLQJSRZHUODZ
    QY Y& & E 3 3       
ZKHUH&YLVWKHKRUL]RQWDODV\PSWRWHHTXDOWR3LVDYHUWLFDODV\PSWRWHHTXDOWRPEDQGQDUHVKDSH
FRHIILFLHQWVFDOLEUDWHGWRDQGUHVSHFWLYHO\7KHYDULDWLRQRIPLVOLQHDULQGHHGDFFRUGLQJWRWKHHTXDWLRQ
P 3  7KH FRHIILFLHQWVܥ௩כDQGP DUH HPSLULFDOO\ HVWLPDWHG DFFRUGLQJ WR OHDVW VTXDUH HUURUPHWKRG
DSSOLHGWRWKHSUHVVXUH±GLVFKDUJHGDWDUHFRUGHGDWWKHQHWZRUNQRGH)LJVKRZVWKHFRPSDULVRQRIWKHPRGHOHG
HPLWWHUODZDQGUHFRUGHGGDWDLQWKHSHUIRUPHGH[SHULPHQWV6LPLODUUHVXOWVZHUHREWDLQHGLQRWKHUFDVHV
&RQVLGHULQJ WKHJRRGDFFRUGDQFHRIQXPHULFDOPRGHODQG UHFRUGHGGDWD WKHHPLWWHU ODZHTXDWLRQZDVXVHG WR
HVWLPDWHDSSDUHQWORVVHVGXHWRSULYDWHWDQNLQWKHWKUHHDERYHGHVFULEHGRSHUDWLRQDOFRQGLWLRQV7KHUHODWLYHHUURURI
WKHLQVWDOOHGZDWHUPHWHUZDVREWDLQHGE\WKHXVHRIDVWDQGDUGWHVWEHQFKFRPSOLDQWZLWKWKHDERYHPHQWLRQHG,62
VWDQGDUGV)LJVKRZVWKHGLVWULEXWLRQRIGLVFKDUJHYDOXHVDWWKHQRGHLQWKHRSHUDWLQJFRQGLWLRQDDQGWKHUHODWLYH
PHWHULQJHUURURIWKHZDWHUPHWHU7KHWDQNLVHPSWLHGDQGILOOHGF\FOLFDOO\DWHDFKLQWHUUXSWLRQRIZDWHUVXSSO\WKH
VHUYLFHGGLVFKDUJHLVDOZD\VTXLWHKLJKDQGWKHIORDWEDOOYDOYHLVIUHTXHQWO\FRPSOHWHO\RSHQ$WWKHWHVWSUHVVXUHRI
EDUPRUHWKDQWKHRIWKHVXSSOLHGYROXPHSDVVHVWKURXJKWKHZDWHUPHWHUZLWKGLVFKDUJHVEHWZHHQDQG
OKIRUZKLFKWKHPHWHULVFKDUDFWHUL]HGE\RYHUUHJLVWUDWLRQLHWKHLQGLFDWHGYROXPHLVKLJKHUWKDQWKHDFWXDO
YROXPH,QFUHDVLQJWKHWHVWSUHVVXUH)LJEWKHGLVFKDUJHVLQFUHDVHDQGWKHRYHUUHJLVWUDWLRQLVHYHQPRUHHYLGHQW
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
)LJ9DULDWLRQRIHPLWWHUFRHIILFLHQWVZLWKWKHQHWZRUNSUHVVXUH

)LJ&RPSDULVRQEHWZHHQWKHPRGHOOHGHPLWWHUODZDQGH[SHULPHQWDOQRGHGLVFKDUJHGDWD1HWZRUNSUHVVXUHEDUDDQGEDUE

)LJ&RQVXPSWLRQSURILOHVDQGUHODWLYHHUURUDRSHUDWLQJFRQGLWLRQDSUHVVXUHEDUERSHUDWLQJFRQGLWLRQDSUHVVXUHEDU
7DEOHVKRZVWKHUHODWLYHPHWHULQJHUURUDQGWKHWRWDORYHUUHJLVWUDWLRQYDU\LQJWKHWHVWSUHVVXUH,QDOOWKHFDVHV
RSHUDWLQJFRQGLWLRQDWDNHVWRRYHUELOOLQJRIWKHVXSSOLHGYROXPH7KLVHIIHFWLVGXHWRWKHFRPELQDWLRQRI
KLJKVXSSOLHGGLVFKDUJHVDQGORZPHWHUVWDUWLQJIORZWKDWLVDOZD\VORZHUWKDQOK)LJ6LPLODUDQDO\VLVZHUH
SHUIRUPHGLQRSHUDWLQJFRQGLWLRQEDQGFLQZKLFKWKHHIIHFWRIQHWZRUNSUHVVXUHLVOHVVHYLGHQWEHFDXVHLQRQH
FDVHWKHIORDWEDOOYDOYHLVDOZD\VDOPRVWFORVHGDQGGLVFKDUJHVHQWHULQJWKHWDQNDUHYHU\ORZDQGLQWKHRWKHUFDVH
XVHU¶VFRQVXPSWLRQLVQRWUHDOO\GHSHQGHQWRQQHWZRUNSUHVVXUH)LJDVKRZVWKHXVHU¶VFRQVXPSWLRQSDWWHUQDQGWKH
UHODWLYHHUURUIRUHDFKGLVFKDUJHLQWHUYDO7KHGDLO\VXSSOLHGYROXPHDWORZIORZVLVUHODWLYHO\VPDOODQGFRQVHTXHQWO\
PHWHURYHUUHJLVWUDWLRQLVVWLOOSUHVHQWHYHQLILWLVTXLWHORZOHVVWKDQ,QWKHRSHUDWLQJFRQGLWLRQFZKHQWKH
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SULYDWHWDQNLVSUHVHQWDQGDOZD\VIXOODSSDUHQWORVVHVFDQEHIRXQGQRWDFFRXQWLQJIRUPRUHWKDQRIWKHVXSSOLHG
YROXPHDWGLVFKDUJHORZHUWKDQOK
7DEOH5HODWLYHHUURUIRUHDFKWHVWSUHVVXUH
)ORZUDWH 5HODWLYHHUURU>@
>OK@ 3 EDU 3 EDU 3 EDU 3 EDU 3 EDU 3 EDU 3 EDU
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
727       



)LJ&RQVXPSWLRQSURILOHVDQGUHODWLYHHUURUDRSHUDWLQJFRQGLWLRQEERSHUDWLQJFRQGLWLRQF
663 M. De Marchis et al. /  Procedia Engineering  89 ( 2014 )  656 – 663 
&RQFOXVLRQ
7KHSURSRVHGH[SHULPHQWDOVWXG\HYDOXDWHGWKHDSSDUHQWORVVHVWKDWFDQEHGXHWRWKHFRPELQDWLRQRIWXUELQHPHWHU
HUURUVDQGWKHSUHVHQFHRISULYDWHWDQNV'LIIHUHQWRSHUDWLQJFRQGLWLRQVZHUHH[DPLQHGFRQVLGHULQJWKHSUHVHQFHRI
FRQVWDQWO\ILOOHGWDQNVWKHSUHVHQFHRIWDQNVVXEMHFWHGWRF\FOLFDOILOOLQJDQGHPSW\LQJSURFHVVHVDQGWKHDEVHQFHRI
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